Abstract. Diyala River is a tributary of Tigris River, it is one of the important rivers in Iraq. It covers a total distance of 445 km (275 miles). 32600 km 2 is the area that drains by Diyala River between IraqiIranian borders. This research aims to evaluate the water quality index WQI of Diyala River, where three stations were chosen along the river. These stations are D12 at Jalawlaa City at the beginning of Diyala River, the second station is D15 at Baaquba City at the mid distance of the river, and the third station is D17 which is the last station before the confluence of Diyala River with Tigris River at Baghdad city. Bhargava method was used in order to evaluate the water quality index for both irrigation and drinking uses. The results indicated that Diyala river water quality at its beginning was excellent for irrigation and good for drinking, while at the mid distance of the river, it was good for irrigation but heavily polluted and unsafe for drinking. Water quality of the river at the third site was acceptable for irrigation but again severely polluted and unsafe for drinking.
Introduction
Diyala River is one of the important water resources and one of the main tributaries of Tigris River in Iraq. It covers a total distance of 445 km Diyala weir controls the river floods and irrigates the area northeast of Baghdad. Diyala city depends mainly on Diyala River for water supply for domestic, municipal, agriculture and other purposes. [1]. Many towns are located on the river banks. Wastes from agricultural and industrial activities in these towns are drained straightway to the river. The river covers an area of 32600 km 2 . The river catchment is widely varied through the entire catchments area from semi-arid plain north of Baghdad to mountainous area of western Iran [2] . The catchments of this river are divided into four parts; the first part is above Derbendikhan, the second part is Upper Diyala, the third part is Middle Diyala and the fourth part is down Diyala, each of these parts has different characteristics and different contribution to the main river flow. From the geological point of view, river catchments have different geological units. Down Diyala is covered mainly by recent alluvium and lies within the unfolded zone [3]. Derbendikhan and Hemrin are two dams constructed on the river, (360 and 188 km upstream the confluence with the Tigris River south Baghdad respectively. In addition to the two dams, the Diyala wier was constructed on the river (11 km downstream from Hemrin Dam) and it distributes the outflow of Hemrin reservoir to the Lower Diyala River and the irrigation canals (Al-Khalis canal and Sadr Al-Mushtarak The study were done during January to December 2010, the study showed that water samples of DIW and DI5 fall in the class of high salinity with low sodium water, which can be used for irrigation on almost all types of soil, while water samples of other stations fall in the class of medium salinity with low sodium water, which can be suitable to salt tolerant plants with probability developed permeability. The results of this study revealed that the quality of Diyala River water can be classified as suitable for irrigation with few exceptions [1] . Suspended and Solute Loads on the Lower Diyala River is a research done on Suspended sediment and solute loads associated with the Lower Diyala River were evaluated for the period from June 1984 to May 1985. During the studied period the mean discharge reached 128 cumecs and the maximum and minimum were 505 and 1.72 cumecs respectively. The annual suspended load reached 64589 tonnes. The rate of transport was not uniform throughout the studied period, where most of the load (51.02 percent of the suspended load and 54.68 percent of the solute load) was transported during the Winter [4] . The results appeared the variation of the factors affecting the water quality of the river in both hydrological and meteorological conditions also the impact of human activities through the area of the river basin [3].
Bhargava in 1983 studied WQI to evaluate the water quality for several activities in Ganga River in India and Saigon River in Vietnam using the sensitivity function method. The method transfers the values of variables according to a standard specification (0 -1) scale. The WQI was used to classify rivers into five groups of different water activities depending on the variables which affected the WQI. Bhargava 1983 studied the potable Water Quality Index(PWQI ) using the sensitivity function which were represented as a curve showing that the ratio of pollutant concentration to the maximum permissible concentration level had the range of (0 -1). He divided the variables into four groups as: biological, heavy metals, physical and organic and non-organic variables. He suggested that, for potable water supply, the WQI should be greater than 90.
Bhargava Method is one of the modern methods which is used in many countries, and it is easy for dealing with parameters for different uses by sensitivity functions curves which take the value between zero to one. The results are accumulated using the geometric mean.
Area of study
Diyala River is one of the main water resources of Iraq and one of the most important tributaries of Tigris River in Iraq. The river passes through Diyala province northeast of Baghdad as shown in Figure 1 . It covers a total distance of 445 km (275 miles). The catchment of Diyala River is located between Latitude (33° 13´00" N-35° 50´ 00" N) and Longitude (44° 30´ 00" E-44° 50´ 00" E), Many towns are situated on its banks, agricultural and industrial wastes are discharged in to Diyala river. The river drains 32600 km 2 of the area between Iraqi-Iranian borders . North of Baghdad the catchment is varied from semi-arid plain while mountainous area at western Iran [2].
Methods and calculations
In this research, Diyala River was studied for the period 2011-2016.Three stations were chosen in order to evaluate the Water Quality Index of Diyala River. The first station was D12 which is at Jalawlaa City at the beginning of the river after the Iraqi-Iranian borders. The second station was D15 at Baquba City in the middle of the river, while the third station was D17 south of Baghdad City before the confluence of Diyala River with Tigris River. The data were collected from the Operation Department [6] . For calculating the Water Quality Index (WQI), Bhargava method was used to evaluate Diyala River for irrigation and drinking uses. The sensitivity functions can be calculated by the impact of the parameter value on water quality as in Figs 2, 3. The sensitivity functions curves are used to evaluate the quality of river water. For instance, when the concentration of sulfate (SO 4 -2 ) is 400 ppm, the sensitivity function will be very low which makes water worse for drinking use, while the same concentration value can give sensitivity function equal to 0.6 for irrigation use which means it is acceptable 60%. 
Results and discussion
After applying the Bhargava Method for the period from 2011 to 2016, the results indicated that the first station D12 which is at Jalawlaa city after the Iraqi-Iranian borders has an excellent water quality for irrigation and good water quality for drinking as shown in Table 2 and Table3. The second station D15 which is at mid distance of Diyala River in Baquba city, the results indicated that the river has good water quality for irrigation but severely polluted water for drinking as shown in Table 4 and Table 5 . D17 the last station , located at Baghdad city before the meeting of Diyala River with Tigris River, the Tables 6 and 7 indicated that the river has acceptable water quality for irrigation but severely polluted water for drinking. Figures 4, 5, 6 show that the river is suitable for irrigation but unsuitable for drinking except for station D12 in Jalawlaa City. Figure 7 shows that the variation of WQI with respect to time for the three stations for irrigation uses, it is clear that the best station is D12 then D15 and D17 Figure 8 showes the variation of WQI with respect to time for the three stations for drinking uses, it is clear that only station D12 is suitable for drinking uses, and that is because of the high values of BOD concentration that was discharged to Diyala River from the mid distance of river at Baquba city until its end at Baghdad city. The zero values for the WQI shown in Tables 5 and  7 refer to the parameters concentrations were out of the range suggested by Bhargava. In other words the parameters concentration exceeded the permissible limits that were used in this method.
Conclusions
From this research we can conclude that: 1-The first station at Jalawlaa city after the Iraqi-Iranian borders has excellent water quality for irrigation and good water quality for drinking, because it is the nearest point to the river origin and few population beside it. 2-The second station at the mid distance of Diyala River in Baquba city, has good water quality for irrigation but severely polluted water for drinking, this city considered as Diyala province center and many agricultural and industrial wastes discharged directly to the river. 3-The last station located at Baghdad city before the meeting of Diyala River with Tigris River, the river has acceptable water quality for irrigation but severely polluted water for drinking, we can conclude that the river is heavy polluted with various wastes and high concentration of BOD values affected on river water quality. 4-The heavy population and uncontrolled discharging wastes to the river affected the river water quality. Table 7 The relative sensitivity functions for the parameters of drinking uses for station D17 
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